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employing; a vertical banK oi 'uuix*^- 
lalJy disposed tiiLes, comprisiug either 
one or more vertical rows so arranged 
25 that heat is impuiletl to tKe oppasite 
sides of cacli tube by direct radiation 
froin materials uudergoinjr combustion 
in combustion zones located on opposite 
sides of the tube bant between the latter 
30 and the fiide walls of the furnace and 
also by heat radiated from the hot 
refractory side walls. This type of 
^ heater has now become generally known 
j[n industry as the ** eqiiiflus: furnace 
35 and several embodiments thereof have 
proven highly successful and advan- 
tageous as applied to the pyrolytic 
conversion of hydrocarbon oils. 
In the heater described in our 
40 Specification Ifo. 437,543. the com- 
bustible materials were preferably 
Bupplied to each combustion zone in a 
downward direction through firing ports 
.located within the roof of the furnace, 
45"lhe ircncral direclion of flow of the com- 
bustion c^otics being downward ihroujrh 
the combustion zones and the gases sub- 
sequently passing from the combustion 
zones in' a frenerally horizontal direction 
50 and upwardly through a separate bank 
of tubes, wherein they impart heat bv 
convection to the oil passing through 
the tubes, prior to their discharge to the 
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undergoing coinlnisnon — .d 

combustion zones, supplying controlled 
amounts of combustible fuel and air to 
the lower portion of each of said com- 
bustion zones, and causing the resulting 
flames and combustion gases to pass in 
a generally upward direction through- 
out the entire length and out of each 
combustion zone, the combustion gases 
passing through each of the two co> 
bustion zones in substantially - stream- 
line flow and being removed through an 
outlet located centrally above sai m- 
bufltion zones and the tube bank. 

The expression *' stream-line flow ** i; 
intended to be understood in its now 
generally accepted meaning as applied 
to the flow of fluids, ihat is to say, the 
flow of the combus+'on cases occurs in a 
substan^^'*^" ^'^er with a 

minim tne direction 

of the t'a&eous stream, so that a steady 
state of the heating ' conditions within 
the furnace can be readily attained. 

In the present invention, combustible 100 
materials are sunplied to each combus- 
tion zone through firing ports located 
within the floor of the furnace and the 
ceneral direction of flow of the combus- 
tion gases is upward through the entire 105 
length of the combustion zones follow- 
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COMPLETE SPECIFICATION 



Process of and Furnace for Heating Fluids 



WC) Univehsal Oil Peodttcts Com- 
r.us'Y, a Corporation organised under the 
Laws of tLe iStaie of Delaware, Uniied 
States of America, of 310, Soutli 
5 Michigan Avenue, Chicago, Illinois, 
United Statet5 of America, do hereby 
declare the nature of this invention and 
in what manner tlie same is to be per- 
formed, to be particularly described and 
10 ascertained in and by the following 
statement: — 

This invention relates to an improved 
process and apparatus for the heating 
of fluids and is particularly directed to 
15 heating hydrocarbon oils to the high 
temperature required for their pyrolj-tic 
conversion. 

In our patent Specification No. 
437,543, we have described an improved 
^0 method of heating fluids and an 
improved type of heater therefor, 
employing a vertical bank of horizon- 
tally dispost^d tubes, comprising either 
OQe or more vertical rows so arranged 
25 that heat is imparted to the opposite 
sides of each tube by direct radiation 
from materials undergoing combustion 
in combustion zones located on opposite 
sides of the tube bank between the latter 
30 and the side walls of the furnace and 
ulso by heat radiated from the hot 
refractory side walls. This type of 
heater has now become generally known 
in industry as the " equiflux " furnace 
35 and several embodiments thereof have 
proven highly successful and advan- 
tageous as applied to the p>Tolytic 
conversion of hvflrocarbon oils. 
Af\ r, heater described in omt 

40 Specification No. 437,543, the com- 
bustible materials were preferably 
supplied to each combustion zone in a 
downward direction through firing ports 
locaied witliin the roof of the furnace, 
45 Ihe general direction of flow of the com- 
luislion anises being downward throujrh 
the combustion zones and the gases sub- 
sequently passing from the combustion 
zones in a generally horizontal direction 
50 and upwardly throuffh a separate bank 
of (u])es, wherein they impart heat bv 
convection to the oil passing through 
the tubes, prior to their discharge to the 



stack. Nevertheleas, in our Specifica- 
tion No 437,543, the possibility of 65 
firing the furnace from the bottom 
instead of from the top is mentioned. 

The present invention is concerned 
with improvements in the use and con- 
struction of the " equiflux type of 60 
furnace referred to above, particularly 
with an improved method of firing anci 
the direction of flow of the materials 
undergoing combustion and resulting 
combustion gases within the furnace. 65 

The present invention provides a 
process for heating fluids and particu- 
larly heating hydrocarhon oils to the 
h:gh temperature required for their 
pyrolytic conversion, which comprises 70 
passing oil through horizontal tubes of 
a vertical tube bank disponed between 
two combustion and heating zones heat- 
ing opposite sides of each of said tubes 
by direct radiation from materials 75 
undergoing combustion within said 
combustion zones, supplving controlled 
amounts of combustible fuel and air to 
the lower portion of each of said com- 
bustion zones, and causing the resulting 80 
flames and combustion gases to pass in 
a generally upward direction through- 
out the entire length and out of each 
combustion zone, the combustion gases 
passing through each of the two co 85 
bustion zones in subatantiallv stream- 
line flow and being removed through an 
outlet located centrally above sai m- 
bustion zones and the tube bank. 

The expression " stream-line flow "a. 0 
intended to ho understood in its now 
generally accepted meaning as applied 
to the flow of fluids, that is to say, the 
now of the romhus+^'on .nrases occurs in a 
substanfS-^^ ,^er with a 95 

^^^"^ ^11 Tue direction 

of the tiuaeouH stream, so that a steady 
state of the heating conditions within 
the furnace can bp readily attained. 

In the present invention, combustible 100 
materials are supplied to each combus- 
tion zone through firing ports located 
withm the floor of the furnace and the 
ireneral direction of flow of the combus- 
tion gases is upward through the entire 105 
length of the combustion zones follow- 
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in;;^ whicli the combuatiou gases contact 
with a separate bant of tubes in a heat- 
ing zone located above and centrally in 
relation to the combustion zones 
5 wherein they continue to travel in a 
general upwurd direction and inipart- 
heat by convection to the oil passing 
through the tubes. 
The upshot method of firing provided 

10 by the invention cooperates with the 
natural draft tendency of the vertical 
furnace structure resulting in an upwurd 
and substantially st roam-line flow of 
combustion gases throughout the entire 

15 furnace and, in cooperation with the pro- 
visions of the invention for directing 
combustible fuel and air into the lower 
portion of the combustion zones at an 
angle toward Ibe refractory side walls of 

20 the furnace, localized over-heating of 
the tubes in the equiflux bank by flame 
impingement is minimized. 

Furthermore, the arrangement of the 
various elements of the furnace provided 

26 by the present inx-ention permits a less 
expensive furnace structure as compared 
witl downfired '* equiflux " heaters 
without sacrificing their ndyaniages. 
The accompanying diagrammatic 

30 drawing illustrates a cross-sectional 
elevation of one specific form of furnace 
embodying the features of the inven- 
tion. 

Referring to the drawing, the main 

35 furnace structure comprises side walls 1 
and 2, a floor 3 and end walls which are 
not indicated in the particular view of 
the furnace here illustrated. These 
walls are preferably constructed of 

40 suitable refractory material such as 
ordinary firebrick, fireclay shapes or 
the like and are preferably insulated on 
their outer surface and weather-proofed 
either by painting or coating the 

45 exterior surface with suitable water- 
proofing material or by housing all or a 
portion of the furnace with sheet steel or 
other material sucli as rigid sheets com- 
posed of asbestos fibre and portland 

50 cement. Insulating material is indicated 
in the drawing at 4. 

The upper portions of side walls 1 and 
2 are arched toward the center of the 
furnace and continue upward for a 

55 relatively short distance to define, 
together with the end wall??, a heating 
zone 7 of reduced cross-sectional area 
relative to the lower portion of the fur- 
nace which comprises combustion zones 

60 5 and 6. 

A hood 8 and a stack 9 containing a 
suitable damper 10 are superimposed 
above heating zone 7. 

Suitable burner blocks 11 containing 

65 firing ports 12 are provided in the floor 



of the furnace through which fuel, such 
as gas and air, is aupplied to each of the 
combustion zones 5 and 6 and in the 
particular case Here illustrated other 
burner blocks 13 containing firing ports 70 
14 are also provided to permit firing 
with oil in addition to or instead of gas. 
Preferably parallel rows of such burner 
blocks 11 and 13 are provided for each 
combustion zone although only one of 75 
each type of burner block for each com- 
bustion zone is shown in the sectional 
view of the furnace here illustrated. Gas 
may be admitted from each of the 
headers 15 to each of the firing ports 12 80 
through suitable tips or nozzles 10 
adjacent each of the burner blocks 11 
and air for supporting combustion of 
the gas may also be adnaitted to firing 
ports 12. A suitable oil burner 17 is 85 
provided beneath each of the burner 
blocks 13 through which a mixture of 
atomized oil and air is admitted to each 
of the combustion zones through firing 
ports 14. Headers 18 and 19 are pro- 90 
vided for oil and compressed air with 
communicating lines 20 and 21 leading 
to each burner and provided, respec- 
tively, with regulating valves 22 and 23. 
Additional air may be admitted through 95 
each of the firing ports 14 to combustion 
zones 5 and 6 in regulated quantities 
controlled by means of suitable dampers 
or other regulating means such as 
indicated, for example, at 24. Suitable 100 
regulating means may, of course, also 
be provided for ihe air supplied to ports 
12, although not illustrated in the 
drawing. 

Preferably, each of the burner blocks 105 
on opposite sides of the furnace and /or 
the firing ports contained therein are 
inclined at a slight angle toward the 
adjacent side walls 1 and 2 respectively 
so that the flames resulting from com- 110 
bustion of the fuel supplied to each of the 
combustion zones and the resulting hot 
combustion gases impinge upon and flow 
in a general upward direction over the 
refractory side walls, heating the latter 115 
to a highly radiant condition. The rom- 
bustion gases leaving combustion zones o 
and 6 continue to travel in a general 
upward direction through heating zone 
7 and hood 8 to stack 9 so that there is 120 
a substantially straight or stream-line 
flow of combustion gases in a general 
upward direction tbTougl)out the entire 
furnace. 

A fluid conduit comprising the 125 
" equiflus '* bank of tubes 2n which, in 
the particular case here illustrated, 
comprises two parallel, rertira] rows of 
horizontally disposed tubes 26, is located 
centrally tetween combustion zones 5 130 
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and G, eacli tube extending between tlie 
end walls of tlie furnace witiin tlie 
teated zone and adjacent tubes in the 
same ox opposite rows being connected 
6 in; series at tteir ends" and outside of tbe 
combustion zone by means of suitable 
headers or return bends, not illustrated. 
Preferably the tubes in opposite rows of 
bant 25 arc arranged in staggered f orma- 
10 tion with a space between adjacent tubes 
in the same row equal to or greater than 
the outside diameter of the tubes so 
thatj the opposite sides of each of the 
tubes 26 is eubjected to heating by 
15 direct radiation from the materials 
undergoing combustion iui combustion 
zones 5 and 6 from the hot refractory 
side walls 1 and 2, thereby subjecting 
each tube to high furnace temperatures 
20 and to high rates of heating. 

With parallel flow of oil or other fluid 
to be heated through adjacent tubes in 
each row of bank 25 in either a generally 
upward or generally downward direc- 
25 tion either substantially uniform 
or different heating conditions may 
be maintained in combustion zones 
5 and 6 to control the heating curve of 
the fluid undergoing treatment bv 
oU independently controlling the quantity of 
combustible materials supplied to each 
combustion zone. As an additional 
means of obtaining the desired type of 
heating curve the relative proportions of 
fuel and excess air supplied to each com- 
bustion zone may be varied to control 
tue furnace temperature and heating 
conditions at different points along the 
length of tube bank 25. Eor example, 
4U by GmpJoying a short luminous flame 
and a relatively small amount of excess 
air, a large amount of heat may be con- 
centrated adjacent the lower i>ort:on of 
tube bank 25 or, by employing larger 
40 amounts of excess air and non-luminous 
or less luminous flames, a relatively 
greater amount of heat may be conceii- 
trated about the upper portion of tube 
bank 25. Preferably, in case series floAv 
is employer! between adjacent tub^s in 
opposite rows of bank 25, substantiallv 
uniform heating conditions are main- 
tained in combustion zones 5 and 6 so 
that each individual tube of bank 25 is 
subjected to substantially equal heating 
conditions on opposite sidefi thereof and 
m such cases the proportion of fuel and 
excess air supplied to the two combus- 
tion zones is substantially the same. 
60 ^ A separate tube bank 27 comprising, 
in the particular case here illustrated, a 
plurality of superimposed horizontal 
rows of horizontally disposed tubes 28 
mv P^^^^dcd within heating zone 7. 
65 These tubes also preferably extend 



between the end walls of this zon and 
may be connected outside the heating 
zone either m parallel or in series or 
partially in both manners by means of 
suitable headers or return bends, not 70 
illustrated The hot combustion gases 
from combustion zones 5 and 6 contact 
the exterior surface of each of the tubes 
01 bank 27, imparting heat thereto and 
to the oil or other fluid passing through 75 
the tubes thereby reducing the temper- 
+ of the combustion gases passing to 

The preseul iuvention is not part'cu- 
lariy concerned wifli tte specific flow of 80 
the fluid undergoing treatment through 
tube banks 25 and 27 but one of the 
advantages of the furnace described is 
the wide degree of flexibility of opera- 
tion obtainable by employing different 85 
specific flows through the various rows of 
tubes and through the separate tube 
banks as well as by variations of the 
hring conditions in each of the combus- 
tion zones The apparatus is adaptable 90 
to the treatment of one or more streams 
of the same or different fluids each of 
which may be subjected to the same or 
to independently controlled heatine 
conditions. ° q. 

Although the furnace here illustrated 
comprises what is ordinarily termed a 
single cell " equiflux » furnaor tbe 
invention is eoually well adapted to the 
use of a plurality of equiflux cells (each 100 
cell comprising an " equiflux " tube 
bank and two independently fired com- 
bustion zones) and a separate heating 
zone similar to that indicated at 7 in 

;;fl SitW)?' """l te employed for each 105 
ceU with the combustion gases from each 
Of these zones supplied to a common flue 
or stack or, when desired, two or more 
cells may supply combustion gases to a 
single heating zone preferably located 110 
above the " equiflus " cells an^ centrally 
m relation thereto. 

Having now particularly described and 
ascertained the nature of our said inven- 
tion and m -what manner the same is to J 15 
cfaim is^ ^'^ declare that what we 

ll-'^iP',"'^®^? heating fluids and 
?n^f ll'^iT- ^^^i^^S Lydrocarbon 
oils TO tne high temperatures required for 120 
their pyrolytic conversion, which com- 
prises passing oil through horizontal ' 
tubes of a vertical tube bank disposed 
between two combustion and heatinij 
zones, heating opposite sides of each of 125 
.said tubes by direct radiation from 
materials undergoing . combustion 
witbm said combustion zones, 8upi)lviii<» 
controlled amounts of combustible "fuel 
and air to the lower portion of each of J30 
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said combustion zones, and causing tli 
leEultin/^ flames and combustion ^ases to 
pass in u generally upTrard direction 
througliout tke entire length and out of 
5 each combustion zone, the combustion 
gases passing through each of the two 
combustion zones in substantially 
streamline flow and being removed 
through an outlet located centrally 

10 above said combustion zones and the 
tube bank. 

2. Process as claimed in claim 1, m 
which the two combustion zones are 
independently fired by supplying con- 

15 trolled amounts of combustible fuel and 
air through the floor of the combustion 
zones in a generally up^rard direction 
independently into each of said combus- 
tion zones. 1 o 

20 3. Process as claimed m claim 1 or ^. 
in which the combustion flames and 
gases are directed in a subst^intially 
upward direct :ou and at a slight* angle 
toward refractory side walls of the two 

25 combustion zones located on opposite 
sides of the vertical tube bank, which is 
disposed centrally between the said 
walls, said side walls are heated to a 
highly radiant, condition and heat is 

30 imparted to opposite sides of each tube 
of said vortical tube bank by direct 
radiation from the combustion flames 
and gases and from the hot refractory 
side walls. ^ 

35 4. Process as claimed in any of tne 
preceding claims, wherein combustion 
gases are removed in a generally 
upward direction from each of the com- 
bustion zones through a separate heating 

40 zone located above and centrally in 
relation to the combustion zones and 
heat is imparted in said heating zone by 
convection from the combustion gases to 
a fluid, preferably oil, to be heated 

45 while passing through tuhes of a separate 
tube bank disposed in said heating 

zone. . « • 1 • XV 

5 A furnace for heating fluids m tne 
manner set forth in any of the prftceding 

50 claims and particularly for heating oils 
to conversion temperatures, comprising 
in combination refractory side walls, 
end walls and a floor, a vertical hank of 
tubes for the fluids to be heated dis- 

55 posed centrally between the side walls, 
a combustion zone between each side wall 
nnd the adjacent side of the vertical tube 
bank, means in ihe lower portion of the 
furnace for introducing combustible 

50 fuel and air in a generally upward 
direction into the lower portion ol each 
/ombustion zone and means for remov- 
ing combustion gases from the combus- 
tion zones in an xipward direction at a 
point above said vertical tube bank. 



said refractory side walls being located 
at a distance from the tubes of said 
vertical tub bank which permits the 
heating of said tubes substantially by 
radiation from the combustion flames 70 
and from the refractory side walls, the 
construction beingf such that an. upper 
portion of each side wall extends above 
the vertical tube bank and arches 
towards the centre of the furnace and 76 
vertical continuations of the end walls 
and of said side walls extend above the 
arched portions of the latter to form a 
channel for the combustion gases to be 
discharged from the furnace to a stack. 80 

6. Furnace as claimed in claim 5, 
wherein the extensions of the end walls 
and of said side walls above the arched 
portions of the latter define a separate 
heating zone, -a separate bank of tubes 85 
to be heated by convection by the com- 
bustion gases is arranged within said 
separate heating zone, a combustion gas 
passageway is provided above said 
separate heating zone to provide for the 90 
passage of the combustion gases to the 
stack and ports for introducing ^ com- 
bustible fuel and air are provided in the 
floor of the lurnace. 

7. Pumace as claimed in claim 5 or 6, 95 
wherein rows of firing ports are provided 

in the floor of each combustion zone for 
supply of combustible materials and air 
in a generally upward direction indepen- 
dently into each of said combustion 100 
zones, the firing ports and /or the 
burners directed into said firing ports 
being preferably arranged at a slight 
angle relative to the vertical axis of the 
furnace to direct the combustion flames 105 
and gases upwardly and slightly towards 
the refractory side walls. 

8. Furnace as claimed in any of claims 
5. 6 or 7, wherein the vertical* tube bank 

is composed of two vertical rows of hori- 110 
zonial tubes, the opposite sides of each 
tube being freely exposed towards the 
refractory side walls, the tubes in the 
opposite rows being arranged in 
staggered formation and the space 115 
between adjacent tubes in the same row 
being preferably equal to or greater 
than the outside diameter of the tubes. 

9. The process for heating fluids, sub- 
stantially as described. 120 

10. A furnace for heating fluids con- 
structed, arran^^ed and adapted to 
operate substantially as described with 
reference to the accompanying drawing. 

Dated this 31st day of March, 1937. 
ALBERT L. MOJO), 
19, Southampton Buildings, 
Chancery Lane, London, W.C.2, 
Agent for the Applicants. 
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